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1. ABSTRACT

The manufacture and testing of forty preproduction samples, and
the preparation of facilities, equipment, specifications, and person-
nel for preproduction approval have been the objective of this quarter
of the program.

The overall yield was improved to 60%, and complete fabrication
procedures and flow charts were prepared for use during the pilot run.

A composite 2000 hour life test was completed on two tubgs, in-
dicating thatvcleanup rates established on single temperature life
‘tests might be valid for composite temperature life tests. The feasi-:
bility to use an accelerated 350°C life test‘to predict accurate life

expectancy at lower temperatures is suggested.
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2. PURPOSE

The purpose of the contract is to construct and establish

capabilities ﬁo mass produce microwave duplexing tubes which shall

- operate Satisfactorily under the'environmental conditions specified

in T-ble I, Group VII of Military Standard MIL-STD-#46A, in addition

to satisfying the respective tube type electrical and mechanical
snecification. The tube types involved in this contfact are: JAN -
1B634, 616k, 6334 and a broadband X-band crystal protector TR.
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3. NARRATIVE AND DATA

3.1 Introduction

The fou_rth quarter of the Production Engineering Measure - from
December 12, 1962 to March 11, 1963 - was devoted primarily to the
fabrication and testing of preproduction sample tubes.

Originally, the preproduction phase was to egd by March 11, 1963.
In a meeting held at Microwave Associates on December 17, 1962 with Mr.
Stanley Sokolove, USASSA, and Mr. Edward DeCamp, USASRDL, the need for
an extension of this phase was realized in order to perform all required
testing, including a 2000 hour life test. ' ' N

The revised schedule, as approvéd by the Contracting.OIfiéer,'is
as follows: | , ' ‘ 1_

?reproduction Phase: Deéember 12, 1962:to August 11, 1963

Pilot Run: August 11, '1963 to February 11, '1964'.' ‘
Figures la and 1b present the_overalllprogram plan,ahd reflect the re-
vised schedules. ' ‘ A |

A TAR with preliminary tube specifications was éubmitted for ap-
proval to the Contracting.Agencf in January.

3;2 Fabrication of Preproduction Samples

As for thé second group of forty engineering samples, a total of.
one hundred tube starts were made for the forty preproductioh samplesﬁ
Again, a careful anaiysis was made of the shrinkage rates at the various
stages'of manufacture. In addition, detailed schedules and flow charts

were developed for use during the manufacture of the pilot run.
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The overall yield for the different tube types was very nearly

the same, as can be seen from Tables I, II and III which represent the

“individual operational yields of each tube type. The fabrication yield,

however, is lowest for the dual tube (66%) and highest for the JAN 6164
version'(72%), whereas the test yield is reversed. Noteworthy is the
exceptionally low shrinkage (only 104) during the Final Operations

'which had claimed 20% of the. engineering tubes.

The majority of tubes lost during fabrication could be reworked.

~In particular, the third brazing operation (window braze) was eventually
f completed successfully on all tubes after removal of the faulty windows.

- The . final yield 1nclud1ng reworks was slightly over 60%

The electrical tests were performed in accordance with the pre-
liminary test specifications.a A summary of the test results will be
presented in the.next~ouarterly report, as the specifications‘to which
the tubes were tested should'be approved by that time. }
3.3 Life Testing - :

During the last quarter, two tubes have completed two thousand
hours of 1ife, and six more were placed on 1ife test at a later date.

As has been shown in the third quarterly report the keep alive
discharge limits the life at 350 C to 200 hours due to gas cleanup.
The tubes are capable, however, of extended life at lower temperatures.~
It was indicated in that report, that the effect of 200 hours at 350°¢
can be equated to a longer period of life time at lower temperatures.
Indeed, the life tests performed to that time indicated that the tuhes
cleaned up the same amount in 200 hours at 350°C as in 1000 hours at




250°C or 2500 hours at 125°C.

FPigure 2 1is a graph of the average cleanup rate as a function of
temperature. From this graph it is possible to predict the life ex-
pectancy at any one temperature, but it is not possible to calculate
the life expectancy of a tube operated at various temperatures, unless
the instantaneous c.eanup rate is also known. This rate could be
determined by two methods: first, by actually measuring tﬁe gas density,
and second through the performance of a series of ife tests during
which the temperature was varied. The composite cleanup rates could
then be mathematically "fitted" to individual cleanup curves.

The life test proposed in the tentative specification is of a

composite nature as follows:

T = 25°C for 750 hours
T = 125% for 750 hours
T = 200°C for 350 hours
T = 350°C for 150 hours

If the average cleanup rate of Fig. 2 were identical to the in-

stantaneous rate, tube cleanup would be anticipated after about 1900

" hours, as is shown In Fig. 3. The cleanup of interest here is that of

the output section only where the action of the keep alive discharge»
sets the limitation. The gas fill in fhis section is adjustéd for
maximum life with crystal protection, and failure due to cleanup can °
show up in.two ways: recovery time increase due to depletion of the
active gases_only or keep alilve irregularity-and crystal burnout due

to a decrease of the total gas density beldw a critical value.
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vOf the two tubes which completed the two thousand hour composite
life test, only one lasted the entire period, although toward the .end

it showed signs of severe gas cleanup. Table Iv presents the life

_ histtry of this tube. Only one crystal was exposed to the tube during

' "the entire test, - suffering a total degradation of 1 5 db in noise

figure. The recovery time remained nearly the same . during the test,
indicating very 1itt1e cleanup of the input section and also a relatively
:jconstant cleanup of all the: gases in:the output section. ' This is ex-

pected, as the tube wall conditioning process suppresses greatly the

‘ -chemical reaction of the: active gas constituents with the metal surfaces.;;'

Leakage power is nearly constant for the first 1900 hours, but then in-
creases rapidly due to the advanced cleanup of the- output section.

The second llfe test tube - summarized in Table V - showed the |
.;same behavior for 1900 hours, but failed at 1988 hours, merely 12 hours
short of the 2000 hour goal. The failure was shown to be caused by a

| nearly complete cleanup of the output section. -

The results obtained from these two 1ife test tubes 1ndicate that
the proposed 2000 hour compos1te lafe is more. severe than the 200 hour
test at 350 C. The indication is that the 1nstantaneous cleanup rate
‘;is indeed very.close to the average rate. If this is the case - and
"the six remaining life tests should confdrm this - the composite life
'expectancy is only- slightly above 1900 hours (from Figure 3). It would
_also follow, however, that the 200 hour life test at 350 C alone could
accurately define the life capabilities of the tubes, and could be used

as an accelerated life test sufficient to predict tube performance.
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" 4. CONCLUSIONS

The fabrication of preproduction sample tubes has been completed

‘ _successfully., As'it'has _been found with the forty engineering samples;
- the shrinkage rates of the four tube. types was fairly constant. .Com-~ .

' ]plete sets of fabrication procedures and flow charts have been made as

a preparation for the pilot run.
‘The tubes fabricated conform i all’ respects to the tentative pro-
duct specifications described in the third quarterly report..,

A comp081te 2000 hour life test per tentative product spec1ficatlo,

on two tubes indicated that the cleanup rates of tuves operated at only
" one temperature might be used to predict comp051te cleanup rates. More

'information is needed, however, to confirm the results obtained so far..

Six additional ‘tubes are life tested at this time If the theory ad-
vanced in this report holds, it would be possible to replace the com- .

posite life test with an accelerated life test at 350°C only.
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5. PROGRAM FOR NEXT INTERVAL

During the fifth quarter, the following will be performed:

1. Completion of six life tests.

2. Submission of a request to finalize a set of product speéifi-
cations based on all information obtained. »

3f Testing of preproduction tubes- as dirécted by the tesfing
activity (USASIMSA). |

4. Completion of manufacturing drawings.
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6. PUBLICATIONS AND REPORTS
‘No publications connected with the contract were made during: the

~Anterval covered by this report.



 Name

Norman Brown
.PéullBaﬁken
‘ﬁoland CayefA
Bernard Corcoran
V-'Williém Anderson
Edward Wallace
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7.  IDENTIFICATION OF PERSONNEL

 Litle

.:~Group Leader
Development Engineer
Development Enginéer
Enéineering‘Assistant A
'Engineeriﬁg Assiétaqt
,Modél Sh9b Supervisér

ours Worked
o
5
20
130
8o
120
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' Table I

Table II

Table III

Table IV

-Table V

Figure 1la.

Figure'1b

.Figure 2

Figure 3
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8.  LIST QF IABLES AND ILLH&IBAIIQK§.

MA 3172 (JAN 1B63A) and MA 3175 (Crystal Protector)
Manufacturing,Yield v

' 'MA 3173 "JAN 6334) Manufacturing Yield

MA 3174 (JAN 6164%) Manufacturing Yield
MA 3172(1B63A) Life Test Data
MA 3174(6164) Life Test Data -

Revised Program Plan

"Revised Miscillaneous Reports Program

Average Cleanup Rate vs. Temperature.

Cleanup vs. Operational Time for a Composite Life Test -



TABLE I

MA 3172 (JAN 1B63A) and MA 3175 (Crystal Protector)
Manufacturing Yield . = -
50 Starts .

Preproduction Run

QOperation » - Tubes Lost : ‘ Yield - ¢
First Braze : 1 ' . 98.0
Second Braze 2 (1)* : 96.2
Third Braze 5 (5)* 89.5
Wall Treatment 3 ‘ 93.1
Exhaust 1 97.5
Tuning (mechanical fault) L 89.7

Fabrication 16 | 68.0 .
Electrical Test (low level) 2 9.2
Electrical Test (high level) 3 : 90.8

Testing 5 : 85.5
Short Tipping 0 - 100
Keep. Alive & Exhaust Capping 0 , 100
Grinding & Plating 0 100
Mechanical Inspection 2 " : . 93.2

' Pinal Operations 2 93.2
-Overall (no reworks) . ' 23 5% '

Overall (including reworks) - 19 , 62

()* denotes tube reworked



A 3173 (JAN 6334) Manufactufing Yield
. 25 starts - ‘

' -Preproduction R

Operation

IABLE

Tubés‘Lbst

Yield - 4

Overall (including reworks)

()* denotes tubes reworked

First Braze 0 100
Second Braze 2 1 92.3
Third Braze b (4)* - 82.8
Wall Treatment 2 89.5
Exhaust 0 1100
Tuning (mechanical fault) 1 94.2
Fabrication ' 66.0
Electrical Test (low level) 100
Electrical Test (high level) 93.9
Testing 93.9
Short Tipping 1 93.6 '
Keep Alive & Exhaust Capping 0. 100
Grinding & Plating 0 100
Mechanical Inspection - 1l 93.0
Final Operation . 87.2
" -Overall (no reworks) 12 52 :
.10 60



IABLE III

MA 3174 (JAN 616k4) Manufacturing Yield

25 Starts

Preproduction Run

Overall Yield .(including reworks) 10

" ()* denotes tubes reworked

Operation .. Tubes Lost  Yleld - %
. First Braze 1 ‘ 96.0
' Second Braze 1 (1)*. 95.8
‘Third Braze 3 (3)* 87.2
Wall Treatment 1 95.2
Exhaust 0 100
- Tuning (mechanical fault) 1 94.9
Fabrication -7 72.2
Electrical Test (low level) 2 89.0
Electrical Test (high level) 1 93.8
Testing 3 83.4
Short Tipping 1 93.6 '
" Keep Alive & Exhaust Capping 0. 100
Grinding & Plating 0 .. 100
" Mechanical Inspection 1. - 93.0 _
Final Operation 2 87.2
Overall Yield (no reworks) 12 52

60
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FIGURE 3

CLEANUP vs. OPERATIONAL TIME
FOR A COMPOSITE LIFE TEST

Conditions:
Po = 10 to 200 kw
tp= 1 usy du = .001

Epp = -1000 v, Ry = 4.7 meg

2000



P e A MRS S s

. —— —— - - —— - —— —— e — —— ———— ———— . D G G G . - G D G T T e A G . D W S - e wn = - - -
I
..vou-oo!i ST seamjeiadme) JemoT 3w _ *pe3sedins sy sean dm 3 ‘em0T 3@
£oaejoedxs 8317 23WIMO0W OTpead 03 31893 SJTT Jo05E PRIRISTad0w UW esn ] Louwydoedxe 8317 ®jeamod  orpead 03 31883 SJIT 0g0SE Pe1 I Te. D% uUw esnt
03 JITTIQISWS] ol -g£3s03 9JTT sanjeredwes #31sodwos Joj priwa aq 03 A3TTIQISYe] ad  *$3. 3 #J1T eanjusedwey e3tsodwod 303 p A
3 JT8 $1%93 oJTT eanjelodwe) oTudis U PEUSTIQEISS £83vl dnuwels W3 — I4ITE $3807 91T eanjeiedwe) oTuRTts UD PEUSITQ¥YISS SSIRI TUSETD WU
JuT . *oT' L. ‘s8q  OAJ UO PeIaTdmOd SeA 38593 PJTT JNOU 0002 93fsodmod ¥ i JUTIEOTPUT ‘seqny omy uo pe3s dE  sEA 3393 BJTT INOY 0002 *3Tsodmo ¥
-unz - cumx
20Ttd oy3 JUTINP #SN J0J pededaid SJem S3IVYD AOTJ PUR genpesod t 1077d su3 MTInp esn JoJ pelwdeud eJea S3IWYD AOTJ pUw seampedosd
UoTe3TIqe; #301dwod puw ‘%09 031 peAoIdNT seA PIITL TTwI9A0 Wyl - UoTIWITIqRJ s19Tdwos pue ‘%09 01 peaoldET sea PISTL TTwIsA0 eul
-wwIdoxd eyy Jo | . -wnilozd &3 Jo
s 1 t-daw._-unu.uo 2aT3290lq0 Mnu.noonna..in 1eacxdde uotrjonpoadead Joj o uouud:wan.anu mo cbnaoonnaouﬁ.aotn o”ﬂu mgunn- gnuusvokcuﬂu
- Tauiosiad pue sLo IWOTJT~-ds g @ d_-be ‘s T3 Y.. J J uopreyedaxd 8-08 Teumosiad p ¥ ‘storjeorjroeds ¢jusedy SOTITIT” Jo uorym.
-mewm M su3 puv ‘sardmes UoTjonpoidedd £3103 jo JuTISE] PUR aMIOEITEEE Ul “ Amnohwmﬂ -oN o3 puw ‘setdmis or, poxdedd A3303 Jo FUTIES] PUN 8 NIORIIKINE oGl
. IVWIWD -2
s o 38 95-6£0-9€VQ -ON 3 wauod sdio) TwuRyg ‘sydean - esnlyl - +dd gT i weas £B658-08-6€0-9CV.. -off 30w13u0) sdIo) TwuRts ‘sudesd - -sn1Tl  -dd g1
no“« soar ~a 3d0dey s 917 14 A13e Jend yjanog _ uoum: u.udn"“ 33odey s sx1fodd Lraeyyend @iInod
280U IeeUy.

.laoq..-.o.-m- usyseg °d i . S«uluﬂﬂon%n usyseg °d
-dng sawmold ) HY¥D0ud -dnq SARAOIOTH HYUDOud
pestpeding STUNSVEN DMTHSSNIONE MOIIONGOMd STENL ONIYXIdNG FAVAOWDIN GEZIQIDONH | poztpeltny -1 SHUNSVEN DNINTINIONE MOIIONGOMd SRANL OMIXYIING FAVAOMOIN CEZIQEODOM

s3jesnydesswN ‘uojPuyTing — s3jesnyowssW ‘uojurtang
“OMI ‘SILIVIDOSSY FAVMOUDIIN — “OMI *SZIVIOOSSY SAVROHOIN
QEIJISSVIOND -0y UoTsse. ¥ | QRIJISSYIOND “ON UOTS8800Y av
Yo
prom e e e cn e - - - - - —— - — Illl'#l'l"lll'l'll"' - e —— - W S e - - D o = e o
!
|
-pa1893¥rs sY senjeredme; Jsmol 3¢ | . -poiselus ST coInIvIedWe: IBACT 3I®
T Trarivey sas - sabos a5 oomawestier’Syrendas oy pirensa | T T ™ dakor o771 oimaeestmes o atass 1oy pries o0
*83 3R g =3 510 83803 OJY 3! 7 wo> J0F PY
YT T 33883 81T emjersdme) STURTS WO DPOUSTTQEISe 283BI dnuwe[d AWy3 . AUFTR 3807 IJIT @ . .=MI3 #1UBTS 10 PAUSTIqEISe $83wI dnUWeTd Y3
I eOTPaT ‘seqny On) uo PejeTdEOD seA jge3 8JTT JInoy Q00Z #3Tsodmos ¥ 1 BUTITHTPUT 'SEQR] O3 UO P - -1 .5.03 SW. 3593 SJTT Inod 000z e3Tsodmod ¥
“unx ( . cunx
3011 84y TP esn 103 pesedaad aJem sS3IWYD AOTJ Pue seanpevodd 3071d oy3s JIT.mp esn Jo; verwdesd aa m =jiwyo mo[J puw sesnpesoxd
UOT380TIqe] #391dwod puw ¢ 403 O} POACIGET $BA PTITL TTwIaAc 8yl ] UOTIVOTAq:J 919TdWod TUP ‘4ng O3 Pe OX.L; SPA PISTL [TWIGAC YL
-mesdoad aya Jjo [] . -m- :302d 8y3 JoO
J93aerh ST 1- JO SATI09{qO 9U3 USaq sawy TeAcJdde uoTjorpoldaxd Jog . Jeaxenb $T43 Jo sarice{qo au, usaq ea.y Twaozdde uo’ yonpo:d-:d JoJ
%Mﬂwnlum Tsuuosiad pue ‘suoriworjroeds ‘jusmdinbe ‘seT3TTIIORJ Jo uotrjeswdead _ 1L8658-0S TeuuosJed puw ‘suoyjesryi-ods ‘jusmdinbe ‘se13TITowy Jo uorgw'w LY
-6€0- o ay3 puw ‘sardwws uopjonpoadezd £3I0] Jo Furyse) pue aamjoeJnuNE L | |mmo|@m3 .om eyy pue ‘sordwes uoTi-~rpordesd £3J07 3o FUTIEN] U IR IURS SYL
39%I3W0)  °2 . 3<®IUOS ¢
o £8659-08-6£0-9EVd ‘Ol 3oedjuo) sdIop Twudys ‘sudesy - -sn(lI - -dd gt ] weis L8658-08-6€0-9€VA *ON 39®I3uD sdu0) Teudys ‘sydea, - -snI1l - -dd gy
we. . .
aon.«uo.u:n“ j30dey ssexdoxd Ltaesiw. b yzanog — |o%_. nou:n".“ 330dey ssexBoad Lriezqvrd yranog
Jeeuy UTJasuT.
eo«uuouﬂo& uayswed °d I raﬁﬁ.wo.& uexsed °d
soqri xoT soquy X7
-dng SARROIITH HYUDOSd — =dty, 242MOJOTH HY¥D0ud
PIZTPOIMY -1 SHUOSYAN "I T w0I1oNA08d Sadid ONIXETANG dnVMOUOTh JIZ.0a79Nd pozTpeddd 1 CIUNSYAN ONTHYIINIONT NOIIONAOHd STEAL DNIYATINA TAYMOUDIN QIZIAIDONY
I
$33eInysussuy ‘uojzfurtang ] $3395Vydesse ‘uorduriing
“ONI ‘SEIVIOIS FAV: _d4lIh — “ONI ‘SATVIOOSSY SAYMOMDIW
aX 1.8V Nn ) “oN UOTsseany . Qv “ QaTIISSVIONN *ON UoTss820Y av




Fourth Quarterly Report
Contract No. DA-36-039-5C-85987

DISTRIBUTION LIST

Armed Services Technical Information Agency
Arlington Hall Station

Arlington 12, Virginia

Attn: TICSCA/42740

Advisory Group on Electronic Devices
346 Broadway - 8th Floor
New York 13, New York

Commanding Officer

U. S. Army Signal Research & Development Agency
Fort Monmouth, New Jersey

Attn: Mr. John Carter

Commanding General

U. S. Army Signal Supply Agency

225 S. 18th Street

Philadelphia 3, Pa.

Attn: Chief, Quality Assurance Operation Division

Commanding Officer

U. S. Army Signal Research & Development Agency
Technical Information Division

Fort Monmouth, New Jersey

METCOM, Inc.

76 Lafayette Street
Salem, Massachusetts
Attn: Duplexer Division

Bell Telephone Laboratory
Murray Hill, New Jersey
Attn: Mr. J. Wertz

Commanding Officer

U.S. Army Signal Materiel Support Agency
Fort Monmouth, New Jersey

Attn: Mr. Simon Zucker

10




Fourth Quarterly Report
Contract No. DA-36-039-SC-85987

Bomac Laboratories, Inc.
Salem Road

Beverly, Massachusetts
Attn: Duplexer Division

Canadian Liaison Office

Office of the Chief Signal Officer
Department of the Army

The Pentagon

washington 25, D. C.

Attn: SIGEO-CL

Commanding General

U. S. Army Signal Supply Agency
225 S. 18th Street

Philadelphia 3, Pa.

Attn: SELMA-R2b

Arinic Research Corporation
1700 K Street, N.W.
Washington 25, D. C.

Attn: Mr. Robert Strauss

Balance of Copies




